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Fol lowing were t h e  c h a r a c t e r i s t i c s  of  s t a t i o n a r y  d i s t r i b u t i o n  of  elec- 
t r o n s  o f  n a t u r a l  o r i g i n  i n  t h e  i n n e r  r a d i a t i o n  zone,  w i t h  energy > 40 kev: 
on t h e  b a s i s  of measurements on AES Kosmos-3 and -5 i n  1962 and E lek t ron -1  
and -3  i n  1964: 

- t h e  p r e s e n c e  of i n t e n s i t y  maximum (2 . l o ’  e l e c t r o n / c m 2  .sec i n  t h e  equa- 

- t h e  dependence of  i n t e n s i t y  on p a r a m e t e r s  L and B o v e r  d r i f t  t r a j e c t o -  
t o r i a l  p l a n e  between L = 1 . 6  and 1 . 8 ;  

ries w i t h  hmin > 700 km and l o n g i t u d i n a l  dependence of  i n t e n s i t y  on t ra jec t -  
o r i e s  w i t h  hmin < 700 km; 

2 10” e l e c t r o n / c m 3  . s e c .  
- the ra te  of l o s s e s  from t h e  r eg ion  of maximum t r a p p i n g  i s  e q u a l  t o  

On t h e  b a s i s  o f  comparison of  the o b t a i n e d  d i s t r i b u t i o n  of  e l e c t r o n s  w i t h  
11 measurements of e l e c t r o n s  on v a r i o u s  s a t e l l i t e s  and r o c k e t s ,  conducted from 
1958 th rough  1966, t h e  c o n c l u s i o n  could be d r a m  abou t  t h e  s t a b i l i t y  o f  i n t e n -  
s i t y  of e l e c t r o n s  o f  n a t u r a l  o r i g i n  i n  t h e  i n n e r  r a d i a t i o n  zone i n  t h e  c o u r s e  
of t h e  11-year c y c l e  of s o l a r  a c t i v i t y .  

* 
* *  

Numerous measurements of p a r t i c l e s  t r apped  i n  t h e  i n n e r  r a d i a t i o n  zone 
have shown t h a t  t h e i r  i n t e n s i t y  undergoes no s i g n i f i c a n t  t empora l  v a r i a t i o n s  
i n  t h e  i n n e r  zone as i t  does i n  t h e  o u t e r  zone. 
s i b l e  t o  o b t a i n  a s t a t i o n a r y  p a t t e r n  of  i n t e n s i t y  d i s t r i b u t i o n  of t r a p p e d  pro-  
t o n s  w i t h  v a r i o u s  e n e r g i e s .  No analogous d i s t r i b u t i o n  of  t r apped  e l e c t r o n s  
h a s  b e e n  o b t a i n e d  t o  d a t e .  T h i s  i s  e x p l a i n e d  by e x p e r i m e n t a l  d i f f i c u l t i e s  
o f  measurement of e l e c t r o n  f l u x e s  a g a i n s t  t h e  background of h igh  energy p r o t o n s  
and by s u b s t a n t i a l  v a r i a t i o n s  of f l u x e s  and s p e c t r a  of e l e c t r o n s  of  t h e  i n n e r  
zone a f t e r  t h e  h i g h - a l t i t u d e  thermonuclear  e x p l o s i o n  conducted by t h e  U.S.A. 

For t h a t  r eason  i t  became pos- 

(*) ELEKTRONY YESTESTVENNOGO PROISKHOZHDENIYA VO VNYTRENNOY RADIATSIONNOY 
ZONE 
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on 9 J u l y  1962 E l ] .  The p e r i o d  du r ing  which t h e  i n v e s t i g a t i o n  of  e l e c t r o n s  
of n a t u r a l  o r i g i n  a g a i n s t  t h e  background of  t h o s e  o f  a r t i f i c i a l  o r i g i n  w i l l  
be  made s u b s t a n t i a l l y  d i f f i c u l t  i s  e s t i m a t e d  by some a u t h o r s  as b e i n g  of  20 
t o  30 y e a r s  [ 2 ,  31 .  

I t  w a s  found i n  r e a l i t y  t h a t  t he  d i s t r i b u t i o n  of  e l e c t r o n s  of n a t u r a l  
o r i g i n  cou ld  have been o b t a i n e d  as e a r l y  as one  year and one h a l f  a f t e r  t h e  
e x p l o s i o n ,  c o n s i d e r i n g  f l u x e s  w i t h  energy o f  40 kev  and h i g h e r ,  and u t i l i z i n g  
t h e  a v a i l a b l e  d a t a  on t h e i r  s p e c t r a .  W e  u t i l i z e d  as i n i t i a l  d a t a ,  on t h e  
b a s i s  of which t h e  d i s t r i b u t i m  of e l e c t r o n  f l u x e s  of t h e  i n d i c a t e d  energy  
were o b t a i n e d  i n  t h e  i n n e r  zone,  t he  r e s u l t s  o f  measurements o b t a i n e d  p r i o r  
t o  t h e  e x p l o s i o n  of  9 J u l y  1962 on AES Kosmos-3 and Kosmos-5 [ 4  - 61 and i n  
1964 on AES E lek t ron -1  and Elekt ron-3  [ 7 ,  81. The u t i l i z a t i o n  o f  t h e s e  a l -  
t e r n a t i v e  r e s u l t s  o f  measurements,  o b t a i n e d  i n  d i f f e r e n t  c o n d i t i o n s  ( p r i o r  t o  
and a f t e r  t h e  e x p l o s i o n  o f  9 J u l y  1962) ,  w a s  found t o  be  p o s s i b l e  f o r  t h e  con- 
s t r u c t i o n  o f  a model d i s t r i b u t i o n  of e l e c t r o n s ,  f o r  i t  w a s  e s t a b l i s h e d  t h a t  on 
s h e l l s  L > 1 . 4  t h e  d i s t r i b u t i o n  of  f l u x e s  i n  1964 d i d  n o t  d i f f e r  from t h o s e  
o b t a i n e d  i n  1962. On t h e  b a s i s  o f  t h e  model c o n s t r u c t e d  i t  i s  p o s s i b l e  t o  
o b t a i n  such  p r o p e r t i e s  of  t h e  t r apped  e l e c t r o n  component as t h e  i n t e n s i t y  varia- 
t i o n  a l o n g  L ,  t h e  l o s s e s  from t h e  t r a p p i n g  r e g i o n ,  t h e  power of  t h e  s o u r c e  sus -  
t a i n i n g  t h e  s t a t i o n a r y  d i s t r i b u t i o n  i n  t h e  p re sence  of l o s s e s .  F i n a l l y ,  when - 
comparing t h e  r e s u l t s  t h a t  were ob ta ined  i n  o t h e r  expe r imen t s  a t  e l e c t r o n  
v a r i a t i o n  between 1958 and 1966 w i t h  t h e  model,  i t  becomes p o s s i b l e  t o  a p p r a i s e  
t h e  d e g r e e  of  s t a b i l i t y  o f  t h e  i n n e r  zone i n  t h e  c o u r s e  of  t h e  s o l a r  a c t i v i t y  
c y c l e .  

Model D i s t r i b u t i o n  of E l e c t r o n s  w i t h  E > 40 kev According t o  Data 

of AES Kosmos-3, Kosmos-5, E lek t ron -1  and -3 

The measurements of t r a p p e d  e l e c t r o n s  w i t h  energy  E > 4 0  kev completed 
i n  t h e  i n n e r  zone p r i o r  t o  9 J u l y  1962 on Kosmos-3 and Kosmos-5 [ 4  - 61, were 
conducted  a t  a l t i t u d e s  t o  1600 km. A s  a r e s u l t ,  a d i s t r i b u t i o n  of f l u x e s  of 
t h e  n a t u r a l  e l e c t r o n  component i n . a  s u b s t a n t i a l  r e g i o n  of (B, L)-space.  T h i s  
i n t e n s i t y  o f  e l e c t r o n s  i s  unambiguously c h a r a c t e r i z e d  by  pa rame te r s  B ,  L on 
t h o s e  d r i f t  t r a j e c t o r i e s  n o t  descending  i n  t h e  r e g i o n  of  t h e  South  A t l a n t i c  
anomaly below 700 km. For  lower t r a j e c t o r i e s  w i t h  i d e n t i c a l  v a l u e s  of parame- 
ters B ,  L ,  t h e  i n t e n s i t y  depends a l s o  on t h e  l o n g i t u d e  of t h e  p l a c e  of r e g i s -  
t r a t i o n  [ 9 ,  101.  

Measurements of e l e c t r o n s  on  AES E lek t ron -1  and -3 were conducted i n  1964 
a t  a l t i t u d e s  from 400 t o  7000 km. On t h e  b a s i s  of  measurements conducted ,  
f l u x e s  of  e l e c t r o n s  w i t h  E 1.1 MeV, of a r t i f i c i a l  o r i g i n  were s e p a r a t e d  
from t h e  r e g i s t e r e d  f l u x e s  of e l e c t r o n s  w i t h  E 5 40 kev [ l l ] .  The d i s t r i b u t i o n  
of  t h e  o b t a i n e d  f l u x e s  of  e l e c t r o n s  w i t h  energy  from 40 kev t o  1.1. Mev w a s  
p l o t t e d  i n  c o o r d i n a t e s  (B, L )  [ 7 ,  81. When comparing t h i s  d i s t r i b u t i o n  w i t h  
t h a t  o b t a i n e d  from d a t a  o f  Kosmos-3 and  -5,  i t  w a s  found t h a t  i n  o v e r l a p p i n g  
r e g i o n s o f  (B,L)-coord ina tes ,  t h e  i n t e n s i t i e s  of  e l e c t r o n s  r e g i s t e r e d  i n  1964,  
and  t h o s e  of  n a t u r a l  o r i g i n  r e g i s t e r e d  i n  1962,  a r e  i d e n t i c a l  w i t h  a p r e c i s i o n  
n o t  worse t h a n  50 p e r c e n t .  B e s i d e s ,  i n  t h e s e  a l t e r n a t e  measurements t h e  q u a n t i -  
t ies  d'n I /dB a l o n g  i d e n t i c a l  L are e q u a l .  



3 

Consequent ly ,  t h e  i n t e n s i t y  d i s t r i b u t i o n  a long  i d e n t i c a l  L were i d e n t i c a l  
a t  t h e  beg inn ing  of  1962 and i n  1964 i n  t h e  whole i n n e r  zone ,  and t h i s  i s  why 
e l e c t r o n s  w i t h  e n e r g i e s  t o  1.1 M e V ,  r e g i s t e r e d  on E lek t ron -1  and - 3 ,  had a 
n a t u r a l .  o r i g i n .  F i g . 1  can s e r v e  as i l l u s t r a t i o n  of t h e  comparison of  r e s u l t s  
of  measurements o f  1962 and 1964,  i n  which p l o t t e d  a r e  s e p a r a t e  v a l u e s  o b t a i n -  
ed  on E lek t ron -1  and t h e  ave raged  cour se  of  i n t e n s i t y  v a r i a t i o n  acco rd ing  t o  
d a t a  from Kosmos-3 and -5, c o n s t r u c t e d  f o r  t h e  c e n t e r  of  t h e  South  A t l a n t i c  
anomaly ( A x  =0) and f o r  Ah = -loo", where Ah i s  t h e  d i s t a n c e  a l o n g  t h e  l o n g i -  
t ude  from t h e  c e n t e r  of t h e  South A t l a n t i c  anomaly. 

The t o t a l  p a t t e r n  of i n t e n s i t y  d i s -  44 
t r i b u t i o n  of n a t u r a l  e l e c t r o n s  w i t h  E >, 40 kev 
i n  t h e  i n n e r  zone,  o b t a i n e d  on t h e  b s s i s  of 8, zc 
measurements on AES Kosmos-3 and -5 and 
E lek t ron -1  and -3 i s  shown i n  F ig .2 .  

4% 

L ,  E a r t h ' s  r a d i i  

1 Fig .2 .  D i s t r i b u t i o n  o f  f l u x e s  
of e l e c t r o n s  w i t h  E 2 40 kev i n  
t h e  i n n e r  zone,  o b t a i n e d  on t h e  

F i g . 1 .  V a r i a t i o n  of f l u x e s  of  e l e c t r o n s  b a s i s  of measurements on Cosmos-3 
wieh E >/ 40 kev a long  L = 1 . 7 ,  as a func-  and -5, E lec t ron -1  and -3. 
t i o n  o f  magnet ic  f i e l d  i n t e n s i t y  B,  gauss  A l o n g i t u d e  dependence e x i s t s  i n  

t h e  shaded p o r t i o n s  of t h e  draw- 
1) Elekt ron-1 ;  2 )  Kosmos-3, -5 i n g  

I t  fo l lows  from i t  t h a t  t h e  r eg ion  of  i n t e n s i t y  maximum i s  i n  t h e  equato-  
r i a l  p l a n e  on 1 .6  x L < 1.8.  

From an e a r l i e r  conducted a n a l y s i s  [lo], i t  fo l lows  t h a t  f o r  a l l  L ,  co r -  
r e spond ing  t o  t h e  i n n e r  zone,  t h e  l o n g i t u d e  dependence i s  i d e n t i c a l  a long  t h e  
d r i f t  t r a j e c t o r i e s  p a s s i n g  a t  an  i d e n t i c a l  minimum a l t i t u d e  above t h e  E a r t h ' s  
s u r f a c e  i n  t h e  r e g i o n  of t h e  anomaly (hmin = c o n s t ) .  
dependence  f o r  several  v a l u e s  of  hmin i s  p l o t t e d  i n  F i g . 3 .  

The averaged  l o n g i t u d e  



T A B L E  1 

L SPACECRAFT 

Explorer4 [ 121 
1 - 16 August 1958 

I(Ee > 20 kev)= (0.1 - 76 erg/cm2.sec.ster 

Rockets Javelin [13, 141 
Febr. - August 1959 

I(Ee 30 kev) = 9.25 .lo3 el/cm’.sec-ster 
kev 

Tniun-1 [15] 
16 Jul - l U  August 1961 
I(Ee > 40 kev) = 1.0 * l o 7  cm-2-sec-1 

1.32 - 1.47 

1,305 

1.20 - 1.32 

Telstar-1 [16] 1 22 - 76 July 1962 
1.8 

II(Ee = 420 - 640 kev) = 1.5 * 10’ cm-2-sec-1 

1962 f 3 ~  [17] 
October-November 1962. 

- 
1.25 - 1.7 

I(Ee > 325 kev)=(104- 6.105) cm-’.sec-l .ster-l. - kev- 
Kosmos-17 [ 181 
May 1963 

I(E, > 80 kev) = l o 7  cm-2-sec-1 

Explorer-14 [19] 
October 1962 

I(Ee > 50 kev) = (1 - 2) l o 9  ~m-’.sec-~ 

O . G . 0  [2O - 221 
September-October 1964 

I(Ee > 50 kev) = ( l o 7  - 10’) cm-2-sec-1 

1964-45 A [23] 
August 1964 

I(& .> 170 kev) = 3 l o 5  - 1.5 - l o 7 )  cm-2.sec-1 
.sterad-’ .Mev-’ 

1966-70 A [24] 
August-September 1966 

((Ee > 300 kev) = 5 l o 3  - 1.3 * l o 5 )  cm-‘.sec- 
-sterad-’.kev-’ 

1.5 

2 . 0  

1.4 - 2.5 

1.23 1 2.6 

1.28 - 2.25 

1 

Therefore, knowing parameters L, B, and Ah of the place of registration, it 
is p o s s i b l e  to determine the intensity of trapped (or quasi-trapped) electrons 
a t  any s p o t  of the inner zone. 
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V 
aJ 
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F i g .  3 

Averaged l o n g i t u d e  depend- 
ence  o f  i n t e n s i t y  a l o n g  
t h e  d r i f t  t r a j e c t o r i e s  f o r  
a few hmin ,  o b t a i n e d  on 
t h e  b a s i s  of  measurements 
on a r t i f i c i a l  s a t e l l i t e s  
Kosmos-3 and Kosmos-5 

I I - 38 (1.- cv) 
X '1 I 

1 
H f  

0 2  
a 3  
x 4  

\o 

x 

X 

I I I I 1 L 
E a r t h ' s  r a d i i  2 3 

b 

Fig.4.  V a l u e s  of  Eo c h a r a c t e r i z i n g  t h e  s p e c t r a  
of e l e c t r o n s  I % exp(-E/& ) i n  t h e  i n n e r  zone 
ob ta ined  in a f e w  expe r imen t s  and ave rgaed  depend-. 
ence  E o ( L ) ,  u t i l i z e d  a t  computat ions (dashed l i n e )  

COMPARISON OF THE DIFFERENT MEASUREMENTS OF ELECTRONS 
I N  THE INNER ZONE WITH THE MODEL PRESENTED 

For t h e  p e r i o d  o f  measurements on each o f  t h e  4 s a t e l l i t e s  i n  q u e s t i o n  
no  t empora l  v a r i a t i o n s  of  e l e c t r o n  f l u x e s  were observed even d u r i n g  power fu l  
magne t i c  d i s t u r b a n c e s  [ 7 ] .  Bes ides ,  i n  1964 t h e  d i s t r i b u t i o n  o f  e l e c t r o n  i n -  
t e n s i t y  w a s  t h e  same as i n  1962. This  i s  why i t  is  p o s s i b l e  t o  a p p r a i s e  t h e  
d e g r e e  of  s t a b i l i t y  o f  e l e c t r o n  f l u x e s  i n  t h e  i n n e r  zone f o r  a more prolonged 
p e r i o d ,  comparing t h e  f l u x e s  r e g i s t e r e d  i n  o t h e r  expe r imen t s  conducted i n  1958, 
w i t h  t h e  model ones.  The compi l a t ion  of such a comparison o f  r e s u l t s  i s  made 
i n  the Tab le  1 [ p r e c e d i n ?  p a g e ] ,  where w e  i n d i c a t e d  t h e  t h e  p e r i o d  of r e g i s -  
t r a t i o n  o f  e l e c t r o n s  w i t h  i n d i c a t i o n  of t h e i r  ene rgy ,  t h e  p a r a m e t e r s  L and B 
and ,  i n  case of  n e c e s s i t y  Ah too.  

On t h e  b a s i s  o f  t h e  v a l u e s  u t i l i z e d  w e  computed t h e  o m n i d i r e c t i o n a l  f l u x e s  
2 o f  e l e c t r o n s  Icomp ( E  2 40 kev)  cm- sec-' t a k i n g  i n t o  accoun t  t h e i r  d e g r e e  of  

a n i s o t r o p y  a t  t h e  g i v e n  s p o t .  The t r a n s i t i o n  t o  f l u x e s  w i t h  t h r e s j o l d  ene rgy  
o f  40 kev w a s  m a t e r i a l z e d  accoun t  be ing  t aken  of t h e  f a c t  t h a t  t h e  spec t rum o f  
the t r a p p e d  e l e c t r o n s  h a s  an e x p o n e n t i a l  f o r m  d I / d E  % exp ( -E /E , )  and Eo i s  de- 
p e n d e n t  on L.  The averaged dependence EO ( L ) ,  u t i l i z e d  d u r i n g  computa t ions ,  i s  
shown by t h e  dashed l i n e  of F ig .4 .  I t  i s  based upon m u t u a l l y  a g r e e i n g  v a l u e s  
o f  several sepc t rum measurements [17, 20, 22, 241. 
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The v a l u e s  o f  t h e  computed computed t o  model f l u x e s '  r a t i o  K = I comp/ Imo~  
for  Ee >/ 40 kev ,  u t i l i z e d  f o r  t h e  estimate of t h e  s t a b i l i t y  of t h e  i n n e r  zone 
are p l o t t e d  i n  F i g . 5  h e r e a f t e r .  

A I  
w 

F i g . 5 .  R e s u l t s  of  comparison of  f l u x e s  of e l e c t r o n s  r e g i s t e r e d  i n  
v a r i o u s  expe r imen t s  with t h e  model d i s t r i b u t i o f i  : 

1 )  Explorer-4;  2 1 ,  3) " J a v e l i n "  r o c k e t s ,  4 )  In jun -1 ;  4 )  Kosmos-3; 
Kosmos-5; 6 )  Telstar-1; 7 )  Explorer-14;  8 )  AES 1962 BK ; 9) 
Kosmos-17; 1 0 )  E lek t ron -1 ;  11 )  Elektron-3;  1 2 )  AES 1964-45 A ;  
13 )  AES O . G . O . - l ;  1 4 )  AES 1966-70 A .  The ave raged  dependence 

ff = 0.92 w a s  o b t a i n e d  acco rd ing  t o  a l l  t h e  1 4  v a l u e s  

I t  w a s  found a c c o r d i n g  t o  t h e s e  v a l u e s  t h a t  t h e  mean v a l u e  K = 0.92.  Then 
f o r  t h e  estimates o f  p o s s i b l e  i n t e n s i t y  v a r i a t i o n s  i n  t h e  c o u r s e  of t h e  11-year 
cycle of s o l a r  a c t i v i t y ,  t h e  temporal c o u r s e  of  i n t e n s i t y ,  shown i n  F i g . 5 ,  w a s  
app rox ima ted  by t h e  e q u a t i o n  

where K -=0,92. 9< 1 < 11, t ==o 
+O,c; < 11 0,G. The b e s t  approximation w a s  c o n s i d e r e d  t o  be  t h e  one f o r  which 

i s  t h e  b e g i n n i n g  of 1958, 1-1 v a r i e d  w i t h i n  t h e  l i m i t s  

1; 

3 Y l l g l i -  1 g ~ 1  
j-= 1 

r e a c h e d  i t s  minimum v a l u e .  
approx ima t ion  a t  which p = 0. T h i s  means t h a t  t h e  i n t e n s i t y  i n  t h e  i n n e r  zone 
remained c o n s t a n t  from 1958 through 1966. 

I t  w a s  found t h a t  t h i s  c o n d i t i o n  i s  s a t i s f i e d  by t h e  
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LOSSES OF ELECTRONS FROM THE REGION OF TRAPPING 

The appea rance  of  q u a s i - t r a p p e d  p a r t i c l e s  on lower d r i f t  t r a j e c t o r i e s  l e a d -  
i n g  t o  l o n g i t u d e  dependence of i n t e n s i t y ,  are u s u a l l y  i n t e r p r e t e d  as a r e s u l t  of 
l ower ing  a l o n g  L of  m i r r o r  p o i n t s  of t r a p p e d  p a r t i c l e s  [ 9 ,  10 ,  18, 2 5 1 ,  where- 
upon i t  i s  c o n s i d e r e d  t h a t  p a r t i c l e s  descend ing  t o  lower &in are abso rbed  i n  
t h e  atmosphere.  T h e r e f o r e ,  t h e  l o s s e s  of t r a p p e d  p a r t i c l e s  can  b e  a p p r a i s e d  by 
t h e  l o n g i t u d e  dependence. 

I n  o r d e r  t o  conduct: t h e  i n d i c a t e d  estimates on tne b a s i s  of che r e s u i c s  of 
measurements on Kosmos-3 and -5, w e  s h a l l  c o n d i t i o n a l l y  s u b d i v i d e  h e r e  t h e  e n t i -  
re l o n g i t u d e  i n t e r v a l  i n t o  two segments:  t h e  f i r s t  i n  260" (from AX = 0 t o  -100") 
and t h e  second i n  100" (from A h  = -100" t o  0 " ) .  I t  f o l l o w s  from Yig.3 t h a t  i n  
t h e  c o u r s e  of  d r i f t  motion of  e l e c t r o n s  a l o n g  t h e  f i r s t  segment of  l o n g i t u d e s  
i n t e n s i t y  i n c r e a s e  on low d r i f t  t r a j e c t o r i e s  t a k e s  p lace  (hmin < 700 km); as  t o  
t h e  second segment o f  l o n g i t u d e s ,  t h e r e  t a k e s  p l a c e  a b s o r p t i o n  o f  accumulated 
f l u x  i n  t h e  atmosphere as t h e  h e i g h t  of  d r i f t  t r a j e c t o r i e s  d e c r e a s e s .  The maxi- 
mum obse rved  i n t e n s i t y  v a r  a t i o n s  along t h e  d r i f t  t r a j e c t o r y  c o n s t i t u t e  1 . 5 - 1 0  
cm-' sec-' . I f  t h e  downward s h i f t  of m i r r o r  p o i n t s  h a s  i n  t h e  second  l o n g i t u d e  
i n t e r v a l  t h e  same v e l o c i t y  as i n  t h e  f i r s t  one,  t h e r e  m u s t  absorbed i n  i t  n o t  
o n l y  t h e  f l u x  hav ing  a r r i v e d  on lower d r i f t  t r a j e c t o r i e s  d u r i n g  t h e  p e r i o d  of 
t h e i r  l o n g i t u d  n a l  d r i f t  through t h e  f i r s t  segment,  b u t  a l s o  d u r i n g  t h e  d r i f t i n g  
p e r i o d  of  t h e  second segment,  i. e. 

360" -, 

260" 
A I  = ATobs - - 2 . i o 7  e l e c t r o n / c m 2  Ssec. 

A p p a r e n t l y ,  t h i s  i s  t h e  lower estimate of  l o s s e s ,  s i n c e  p a r t i c l e  a b s o r p t i o n  i n  
t h e  atmosphere of  t h e  f i r s t  segment was n o t  c o n s i d e r e d .  

I t  w a s  found e a r l i e r  t h a t  t h e  i n t e n s i t y  o f  e l e c t r o n s  i n  t h e  i n n e r  zone is 
c o n s t a n t .  T h i s  means t h a t  t h e r e  e x i s t s  a s o u r c e  compensat ing t h e  l o s s e s .  Its 
power on t h e  e q u a t o r  may b e  e s t i m a t e d  t a k i n g  advan tage  of  t h e  w e l l  known r e l a t i o n  

A I  Bequ 
~ [ e l e c t r o n / c m ~ . s e c l  = - - 

Tdrve Bhmin = l o 0  km 

where A I  i s  t h e  f l u x  b e i n g  l o s t  f o r  one d r i f t  r e v o l u t i o n ,  Tdr  i s  t h e  p e r i o d  of 

= 100 km is  t h e  r a t i o  o f  magnet ic  f i e l d  i n t e n s i t y  a t  t h e  e q u a t o r  t o  t h a t  i n  
t h e  r e g i o n  of  l o s s e s  a t  minimum a l t i t u d e  of  100 km. I t  w a s  o b t a i n e d  t h a t  a t h e  
e q u a t o r  a t  t h e  c e n t e r  o f  t h e  i n n e r  zone ( L  = 1 . 6 ) ,  P = 2 e l e c t r o n / c m  . sec 
f o r  e l e c t r o n  energy of 100 kev ,  which i s  approx ima te lv  by 4 o r d e r s  g r e a t e r  t h a n  
t h e  power o f  t h e  s o u r c e  from B-decay of n e u t r o n  a l b e d o  [ 2 6 ] .  Analogous c a l c u l a -  
t ions  f o r  o t h e r  L - s h e l l s  show t h a t  t h e  power of t h e  s o u r c e  from B-decay o f  neu- 
t rons is a l s o  n e g l i g i b l y  s m a l l  i n  t he  e n t i r e  i n n e r  zone. The v a l u e s  o f  t h e  s o u r -  
ce ' s  power o b t a i n e d  from t h e  d a t a  of Kosmos-3 and -5 a g r e e  w e l l  w i t h  t h o s e  found 
by W i l l i a m s  and Kohl [ 2 7 ]  on t h e  b a s i s  of  l o n g i t u d e  dependence f o r  E e  > 280 kev 
on L = 2 .  They found P = (4*10-8 - 4 ~ 1 O - ~ )  cm3 sec-'. These r e s u l t s  show 

e l e c t r o n s '  d r i f t  around t h e  E a r t h ,  ve i s  t h e  v e l o c i t y  o f  e l e c t r o n s ,  Bequ/Bhmin - - 

3 
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t h a t  t h e  e n t i r e  i n n e r  zone is f i l l e d  by t h e  s o u r c e ,  having  n o t  on ly  a s o f t e r  
spec t rum t h a n  a t  @-decay of n e u t r o n s  [281,  b u t  a l s o  a power s u b s t a n t i a l l y  h i g h e r  
t h a n  t h e  n e u t r o n .  

The most thoroughly  s t u d i e d  mechanism of  e l e c t r o n  l o s s e s  from t h e  i n n e r  
zone i s  t h e  Coulomb s c a t t e r i n g .  This  i s  why t h e  t i m e  c o n s t a n t s  T ,  d u r i n g  which 
t h e  i n t e n s i t y  i n  t h e  e q u a t o r i a l  p l a n e  would have  d e c r e a s e d  by e t i m e s  (i. e .  
by t h e  q u a n t i t y  0.63 I equ)  a t  t h e  ob ta ined  c o n s t a n t  l o s s e s  P ,  must be determinet l  
f o r  t h e  e v a l u a t i o n  of  i t s  r o l e .  To t h a t  e f f e c t  w e  s h a l l  t a k e  advan tage  o f  t h e  
r e l a t i o n  

0 .  63IeqU Bhmin = 100 km 
Tdr ' - r =  

I Bequ 

Then w e  s h a l l  compare T w i t h  'Coulomb, i. e.  t h e  t i m e  c o n s t a n t s  o f  i n t e n s i -  
t y  d e c r e a s e  a t  t h e  expense  of  Coulomb s c a t t e r i n g .  

The o b t a i n e d  v a l u e s  o f  T are compiled i n  Table  2 f o r  a few L. A s  e a r l i e r  
w e  c o n s i d e r e d  e l e c t r o n s  w i t h  e n e r g i e s  of  100 kev.  For  comparison w e  brought  
o u t  t h e  v a l u e s  of t i m e  c o n s t a n t s  f o r  e l e c t r o n  l o s s e s  of same ene rgy  a t  t h e  ex- 
pense  of  Coulomb l o s s e s .  They a r e  u s u a l l y  de te rmined  by  way o f  s o l u t i o n  of  t h e  
Fokker-Planck e q u a t i o n  t a k i n g  i n t o  account  t h e  s imul t aneous  d e c r e a s e  of energy  
and p i t c h - a n g l e s  a t  s c a t t e r i n g .  Such c a l c u l a t i o n s  were performed by Walt [ 2 9 ]  
f o r  e l e c t r o n s  w i t h  E 2 1 MeV.  
ene rgy  of  100 kev ,  w e  u t i l i z e d  t h e  r e s u l t s  o f  c a l c u l a t i o n s  performed i n  [ 3 0 ] ,  
from which i t  fo l lows  t h a t  TCoulomb E l 5 .  When comparing w i t h  TCoulomb (Ee = 
100 kev)  i t  becomes e v i d e n t  t h a t  t h e  i n t e n s i t y  drop  r e s u l t i n g  i n  l o n g i t u d e  de- 
pendence,  t a k e s  p l a c e  much more r a p i d l y  than  i n  t h e  case of  Coulomb s c a t t e r i n g .  

In  o r d e r  t o  de te rmine  T~~~~~~~ f o r  e l e c t r o n s  w i t h  

T A B L E  2 

I t  i s  e v i d e n t  t h a t  on L > 1.5 ,  t h e  d e p a r t u r e  from T~~~~~~~ i s  s t i l l  g r e a t e r ,  
f o r  t h e  l a t t e r  i n c r e a s e s  w i t h  a l t i t u d e ,  w h i l e  T remains p r a c t i c a l l y  c o n s t a n t .  

I n  t h e  above-made estimates of l o s s e s  t h e r e  s t i l l  i s  an  u n c e r t a i n t y  d u r  t o  
t h e  f a c t  t h a t  t h e  energy  of  e l e c t r o n s  i s  n o t  known w i t h  s u f f i c i e n t  p r e c i s i o n .  
For  example,  f o r  a spec t rum o f  e l e c t r o n s  of  t h e  form d I /dE  exp (-E/160 kev) 
i t  a p p r o p r i a t e  t o  choose f o r  average  energy  160 kev .  However, f o r  g r e a t e r  ene rey  

th,e d i f f e r e n c e  between T and T C o u l o m b  w i l l  b e  s t i l l  g r e a t e r ,  f o r  as energy i n c r e a -  
ses ,  T d e c r e a s e s  (T % T d r ) ,  wh i l e  Tcoulomb t o  t h e  c o n t r a r y  i n c r e a s e s .  Thus,  
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even w i t h  a s u b s t a n t i a l  u n c e r t a i n t y  i n  t h e  s e l e c t i o n  of  t h e  v a l u e  of  mean 
energy of e l e c t r o n s ,  t h e  c o n c l u s i o n  t h a t  t h e r e  e x i s t s  an a d d i t i o n a l  mechanism 
of e l e c t r o n  l o s s e s  from t h e  r e g i o n  of t r a p p i n g ,  remains v a l i d .  Analogous re- 
s u l t s  were a l s o  o b t a i n e d  d u r i n g  t h e  i n v e s t i g a t i o n  of l o s s e s  of high-energy 
e l e c t r o n s  on L > 1 . 4  i n j e c t e d  du r ing  t h e  e x p l o s i o n  "Maritime S t a r "  [ 2 9 ] .  

The a n a l y s i s  conducted shows t h a t  t h e  d i s t r i b u t i o n  of  f l u x e s  of e l e c t r o n s  
w i t h  E > 40 kev i n  t h e  i n n e r  zone,  o b t a i n e d  on AES Kosmos-3, Yosmos-5, Elek- 
t r o n - 1  and E lek t r cn -3 ,  i s  c h a r a c t e r i z e d  by a long-term s t a b i l i t v .  The power 
of t h e  unknown s o u r c e ,  r e f i l l i n g  or  r e p l e n i s h i n g  t h e  losses f rov  t h e  r e g i o n  
of  c a p t u r e ,  i s  s u b s t a n t i a l l y  h i g h e r  t h a n  t h e  B -decnv o f  a lbedo  n e u t r o n s .  
whereas  t h e  l o s s e s  s i g n i f i c a n t l v  exccct i  . i n  t h e i r  t u r n ,  tlle Coul oink losses. 
T h e  f l u x e s  of p a r t i c l e s  r e g i s t e r e d  i n  i11e i n n e r  zone are l o w e r  t h a n  t h o s e  
which a r e  t l i r e s h o l d  on accoun t  of  t r < i p p c * d  e l e c t r o n s '  i n t e r a c t i o n s  w t h  atmo- 
s p h e r i c  w h i s t l e r s .  

X a n u s c r i p t  r e c e i v e d  on 

10 October  1967 

CONTRACT No.NAS-5-12487 
VOLT TECHNICAL CORPORATION 

WASHINGTON D . C .  20036 
T e l :  223-6700 (X-36, 37) 

1145 - 1 9 t h  St.NW 

T r a n s l a t e d  by ANDRE L ,  BRICHANT 

on 11 and 1 2  May 1968 

R E F E R E N C E S  

1.  A .  J .  D e s s l e r ,  1 3 .  J.O'Brien, N e a r e a r t h  c o s m i c  s p a c e  I z d - v o  

2 .  C . E .  M c l l w a i n ,  S c i e n c e ,  1 4 2 ,  N o . 3 5 9 0 ,  3 5 5 ,  1 9 6 3 .  
3 .  3 . J .  O'Brien, C.D. L a u g h l i n ,  J . A .  Van A l l e n ,  N a t u r e ,  1 9 5 ,  

4 .  V . I .  K r a s o v s k i y ,  Y u . 1 .  G a l ' p e r i n ,  V . V .  T e m n y y ,  T . M .  M u l y a r -  

" ? l i r " ,  1 9 6 6 ,  p 8 0 .  

9 3 9 ,  1 9 6 2 .  

c h i k ,  N . V .  D z h o r d z j i o ,  M . Y a .  M a r o v ,  A . D .  B o l y u -  
n o v a ,  O .L .  V a y c b e r g ,  B . P .  P o t a p o v ,  M.L. B r a g i n , '  
G e o m a g n e t i s m  i a e r o n o m i y a ,  3 ,  4 0 1 ,  1 9 6 3 .  

c h i k ,  N . V .  D z h o r d z h i o ,  M .  Ya.  M a r o v ,  A . D .  B o l y u -  
n o v a ,  I . B .  p 4 0 8 .  

5 .  V . I .  K r a s o v s k i y ,  Y u . 1 .  G a l ' p e r i n ,  V . V .  T e m n y y ,  T . M .  M u l y a r -  
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6 .  

7 .  

8 .  
9 .  

1 0 .  

11. 
1 2 .  

1 3 .  
1 4 .  

1 5 .  

1 6  

1 7 .  
1 8 .  

1 9 .  

2 0 .  
2 1 .  

2 2 .  

2 3 .  

2 4 .  

2 5 .  

2 6 .  

2 7 .  

2 8 .  

2 9 .  
3 0 .  

31 .  

Y u . 1 .  G a l ' p e r i n ,  V . I .  K r a s o v s k i y .  K o s m i c h . i s s l e d . ,  1, 

A . D .  B o l y u n o v a ,  O .L .  V a y s b e r g ,  Y u . 1 .  G a l ' p e r i n ,  B . P .  P o t a -  
N o . 1 ,  p . 1 2 6 ,  1 9 6 3 .  

p o v ,  V . V .  T e m n y y ,  F . K .  S h u y s k a y a ,  S b .  " Is-  
s l e d o v a n i y a  k o s m i c h e s k o g o  p r o s t r a n s t v a "  
( O u t e r  S p a c e  I n v e s t i g t i o n s ) .  I z d - v o  " N A U K A "  
p . 4 0 6 ,  1 9 6 5 .  

A . D .  B o l u n o v a ,  e t  a l .  S p a c e  R e s . ,  6 ,  1 9 6 7 .  
V . V .  T e m n y y .  K o s m i c h .  I s s l e d . ,  2 ,  N o . 5 ,  p . 8 1 2 ,  1 9 6 4 .  
V . V .  T e m n y y .  S b .  " I s s l e d o v a n i y a  k o s m i c h e s k o g o  p r o s t r a n s t v a "  

( O u t e r  S p a c e  I n v e s t i g a t i o n s ) .  I z d - v o  "NA'U'KA" 
p . 2 0 9 ,  1 9 6 5 .  

Y u . 1 .  G a l ' p e r i n ,  I . B .  p . 3 8 8 .  
J . A .  Van A l l e n ,  C . E .  M c I l w a i n ,  G . H .  L u d w i g ,  J .  G e o p h y s .  R e s . ,  

6 4 ,  N o . 3 ,  p . 2 7 1 ,  1 9 5 9 .  
F . E .  H o l l y ,  R . G .  J o h n s o n .  J .  G e o p h y s .  R e s . ,  6 5 ,  7 7 1 ,  1 9 6 0 .  
F . E .  H o l l y ,  L .  A l l e n ,  R . G .  J o h n s o n .  J .  G e o p h y s . ,  R e s . ,  

6 6 ,  N o . 6 ,  1 6 2 7 ,  1 9 6 1 .  
L . A .  F r a n k ,  J . A .  Van A l l e n ,  J .  G e o p h y s .  R e s . ,  6 8 ,  N o . 5 ,  

1 2 0 3 ,  1 9 6 3 .  
W.L .  B r o w n ,  J . D .  G a b b e .  J .  G e o p h y s .  R e s . ,  6 8 ,  N o . 3 ,  

p . 6 0 7 ,  1 9 6 3 .  
H . I .  West,  L . C .  M a n n ,  C . D .  B l o o m .  S p a c e  R e s . ,  5 ,  p . 4 2 3 ,  1 9 6 5 .  
C.N. V e r n o v ,  A . E .  C h u d a k o v ,  P . V .  V a k u l o v  e t  a l . ,  IZD-vo  

G .  P i z z e l l a ,  L . R .  D a v i s ,  J . W .  W i l l i a m s o n .  J .  G e o p h y s . ,  R e s . ,  

J . R .  W i n c k l e r .  S p a c e  R e s . ,  6 ,  1 9 6 7 .  
K . A .  P f i t z e r ,  S . R .  Kane ,  J . R .  W i n c k l e r .  T h e  S p e c t r a  a n d  

AN SSSR. S e r .  f i z . ,  2 8 ,  2 0 5 8 ,  1 9 6 4 .  

7 1 ,  N 0 . 2 3 ,  5 4 9 5 ,  1 9 6 6 .  

I n t e n s i t y  o f  E l e c t r o n s  i n  t h e  R a d i a t i o n  
B e l t s .  P r e p r i n t ,  1 9 6 5 .  

S . R .  K a n e ,  K . A .  P f i t z e r ,  J . R .  W i n c k l e r .  T h e  C o n s t r u c t i o n ,  
C a l i b r a t i o n  a n d  O p e r a t i o n  o f  t h e  U n i v e r s i t y  
o f  M i n n e s o t a  E x p e r i m e n t s  f o r  OGO-111. 
T e c h n i c a l  R e p o r t  CR-87,  S e p t . ,  1 9 6 6 .  

J . D .  M i h a l o v ,  R . S .  W h i t e .  J .  G e o p h y s .  R e s . ,  7 1 ,  N o . 9 ,  
p . 2 2 1 7 ,  1 9 6 6 .  

A .L .  V a m p o l a .  R e c e n t  M e a s u r e m e n t s  i n  t h e  I n n e r  Z o n e  E l e c -  
t r o n  L i f e t i m e s .  COSPAR S y m p . ,  L o n d o n ,  1 9 6 7 .  

G .  P i z z e l l a ,  C . D .  L a u g h l i n ,  B . J .  O ' S r i e n .  J .  G e o p h y s .  R e s . ,  
6 7 ,  N o . 9 ,  p . 3 2 8 1 ,  1 9 6 2 .  

W . N .  Hess .  J .  G e o p h y s .  R e s . ,  6 5 ,  N o . 1 0 ,  3 1 0 7 ,  1 9 6 0 .  
[ R u s s i a n  T r a n s l a t i o n s ,  p / 2 0 8 ,  1 9 6 2 1 .  

D . J .  W i l l i a m s ,  J . W .  K o h l .  J .  G e o p h y s .  R e s . ,  7 0 ,  N o . 1 7 ,  
4 1 3 9 ,  1 9 6 5 .  

P . J .  K e l l o g .  J .  G e o p h y s .  R e s . ,  6 5 ,  N o . 9 ,  2 7 0 5 ,  1 9 6 0 .  
[ R u s s .  T r a n s l a t i o n s ,  p / 1 9 2 ,  1 9 6 2 1 .  
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